The activity of methacycline against microbial L-forms and their parent bacteria was compared with that of oxytetracycline, chlortetracycline, tetracycline, and demethylchlortetracycline, as well as with that of 22 other antibiotics which included examples of major groups of antibiotics. The L-forms and bacteria used were Streptococcusfaecalis, S. faecium, S. faecalis var. zymogenes, Staphylococcus aureus (three strains), Proteus mirabilis (two strains), Pseudomonas aeruginosa, Escherichia coli (two strains), Sarcina flava, Serratia marcescens, and Klebsiella pneumoniae. The five tetracyclines had similar activities and were more active against L-forms than bacterial forms, except that the bacterial form of S. flava was more susceptible than the L-form. In general, other antibiotics (except the penicillins) were more active against L-forms than bacterial forms. There were certain exceptions where the bacterial form was more susceptible than the L-form. These included the effect of polymyxin B and colistin on P. aeruginosa, E. coli, and P. mirabilis, and the effect of gentamicin on P. aeruginosa, E. coli, S. flava, and S. marcescens.
Methacycline (6-methylene-5-hydroxy-tetracycline) is one of several new antibiotics in the tetracycline family described in the past decade. It has been found to be more active than demethylchlortetracycline or tetracycline against a number of both gram-positive and gram-negative bacteria (3) , and the concentrations in serum after oral and intravenous administration are higher than those of other tetracyclines (4) . The present in vitro study compares methacycline with other tetracyclines and certain other antibiotics against microbial L-forms and their parent bacteria.
MATERIALS AND METHODS
Media. Brain heart infusion broth or agar (Difco) was used. To these basic media, 1.8% NaCl (Mallinckrodt Chemical Works) or 0.5 M sucrose (BBL), depending on which was optimal for the given Lform (Table 1) , was added as an osmotic stabilizer, in addition to 0.001% MgS04-7H20 (Mallinckrodt Chemical Works) and 2% bovine serum albumin, fraction V (Armour Pharmaceutical Co.).
Organisms. The following organisms were used: Streptococcus faecalis GK (isolated from a patient) and its penicillin-derived nonreverting L-form; S. faecalis var. zymogenes I (obtained from C. G. Rogers and W. B. Sarles) and its penicillin-derived nonreverting L-form; S. faecium and its corresponding lysozyme-derived nonreverting L-form (obtained from Harry Gooder); Staphylococcus aureus strain 42E (obtained from The Upjohn Co.), strain 81 (obtained from Hines Veterans Administration Hospital), and strain 61 (isolated from a patient), and their methicillin-derived nonreverting L-forms; Escherichia coli strain Yale (isolated from a patient) and its penicillin-derived nonreverting L-form; E. coli strain K-12 (obtained from Kenneth Vosti) and its penicillin-derived nonreverting L-form; Proteus mirabilis strain V (isolated from a patient) and its penicillin-derived nonreverting L-form; P. mirabilis strain IX and its nonreverting L-form strain L-9 (both obtained from Ruth Wittler); Pseudomonas aeruginosa (obtained from Beecham Pharamceutical Co.) and its carbenicillin-derived nonreverting L-form; Klebsiella pneumoniae (ATCC 8045) and its penicillin-derived L-form; Serratia marcescens (isolated from a patient) and its penicillinderived L-form; and Sarcina flava (isolated from a patient) and its penicillin-derived nonreverting Lform.
Antibiotic disc susceptibility tests. The method used was essentially that of Bauer et al. (1) . Cultures of the bacteria and L-forms were grown at 37 C in brain heart infusion broth containing the appropriate osmotic stabilizer for 24 hr. Each culture was diluted to a final concentration of about 108 cells/ml in the same broth, and a lawn was seeded EFFECT OF ANTIBIOTICS ON MICROBIAL L-FORMS of a swab. Final concentrations of 15 and 25 units of penicillin/ml were added to the medium, respectively, when L-forms of S. marcescens and K. pneumoniae were tested to prevent their reversion to bacteria. Standard commercial antibiotic susceptibility discs were then applied to the seeded surface of the agar, and the plates were incubated for 24 to 48 hr at 37 C, depending on the time necessary for the lawn to develop. Zones of inhibition of bacteria and L-forms were measured at the same time.
Antibiotic broth susceptibility tests. The minimal inhibitory and minimal bactericidal concentrations of methacycline, oxytetracycline, and tetracycline were determined with several bacterial and L-form cultures. Tests were done by the microtitration technique described by Harwick et al. (5), with an inoculum of 106 cells/ml.
RESULTS
Antibiotic disc susceptibility tests. With the exception of oxacillin and methicillin, other penicillins, i.e., penicillin, carbenicillin, cephalothin, and ampicillin, had a broad spectrum of activity against both gram-positive and gram-negative bacterial forms, but as expected no activity was seen against the L-forms (Table 1) . Vancomycin was active against most of the bacterial forms tested but not against the L-forms. However, vancomycin was more active against the L-forms of S. aureus 61, 42E, and 81 and of P. mirabilis IX than against the bacterial forms.
Methacycline, along with oxytetracycline, demethylchlortetracycline, chlortetracycline, and tetracycline, demonstrated a broad spectrum of activity against both the gram-positive and gramnegative bacteria and L-forms. Methacycline, like the other tetracyclines, usually showed greater inhibition of the L-forms than the bacteria. One exception was the bacterial form of S. flava, which was uniformly more susceptible than the L-form to the tetracyclines. When an effect was present, colistin and polymyxin B appeared to have greater activity against L-forms of both gram-positive and gramnegative organisms than against the bacterial forms. The exceptions were P. aeruginosa, E. coli Yale, and P. mirabilis V, with which greater inhibition of the bacterial forms was seen. Gentamicin also generally was more active against L-forms than bacteria, except that it had greater activity against the bacterial forms of P.
aeruginosa, E. coli K-12, S. flava, and S. marcescens than against the L-forms. When an effect was present, the other aminoglycosides were more active against L-forms than bacterial forms. An exception was E. coli K-12; the bacterial form of this strain was more susceptible than the L-form.
Other antibiotics in general had no activity against either bacteria or L-forms, or they were active against L-forms when inactive against bacteria. When active against bacteria, usually antibiotics were more active against the derived L-form.
Antibiotic broth susceptibility tests. The broth dilution tests confirmed the greater susceptibility of L-forms than bacterial forms (Table 2 ). In general, ranges of activity of all three tetracyclines were the same.
With the gram-negative bacteria, methacycline demonstrated significantly greater effectiveness only against E. coli Yale. Susceptibility of gramnegative L-forms to the three tetracyclines was similar. DISCUSSION Disc susceptibility tests of methacycline, oxytetracycline, demethylchlortetracycline, chlortetracycline, and tetracycline, along with a number of other antibiotics, showed that the activity of all of the tetracyclines was similar. They were more active against L-forms than against the parent bacterial forms except that the S. flava bacterial form was more susceptible than the L-form. The generally larger zone sizes produced by tetracyclines and other antibiotics with L-forms as compared to bacteria are not due to slowed growth rates of L-forms. In some instances, zone sizes were equal, and, as indicated below, with certain antibiotics some bacteria showed larger zone sizes than their L-forms. Broth dilution susceptibility tests of methacycline, oxytetracycline, and tetracycline confirmed the results of the disc susceptibility tests.
This study extends our previous reports on the effect of antibiotics on bacterial forms and L-forms of S. faecalis (7, 8) and P. aeruginosa (5) .
As previously noted, antibiotic activity was generally greater against L-forms. However, colistin sulfate, polymyxin B, and gentamicin demonstrated greater effectiveness against the bacterial forms of P. aeruginosa and one or the other of the two strains of E. coli tested than they did against the L-forms of these organisms. Also, gentamicin showed greater inhibition of the bacterial forms of S. flava and S. marcescens than of their corresponding L-forms, as did the other aminoglycosides against E. coli K-12. Our results with polymyxin B differ from those of Teuber (9) , who found that L-forms and spheroplasts produced from a polymyxin B-resistant strain of P. mirabilis by culture in the presence of penicillin G showed a 400-fold increased susceptibility to polymixin B. The current results substantiate the previous report from our laboratory of greater disc susceptibility of the bacterial form of P. aeruginosa to colistin, polymyxin B, and genta- Wj) -~cnro rOO o0ir-n--r-000000 11 c-c-000 micin (6) . Although the greater action of a number of antibiotics against the L-form may be due to the loss of cell wall and greater access of the antibiotic to the site of action (7, 8) , no explanation is available for instances of greater inhibitory effect on the bacterial form.
The activity of vancomycin against the L-forms of staphylococci and P. mirabilis V is of interest in relationship to the mode of action of this antibiotic. This has been reviewed by Best et al. (2) . Most investigators have found that the primary effect is on cell wall peptidoglycan synthesis. However, others have reported an effect on the cytoplasmic membrane. Activity against L-forms, which lack a cell wall, suggests a mode of action other than on cell walls, perhaps in addition to inhibition of cell wall peptidoglycan synthesis.
However, it is possible that residual cell wall material on these L-forms still provides the locus of activity.
